Light-driven rotation has been well demonstrated through transferring linear 8, 9 or angular 10-13 momentum to micro-sized objects in liquid environment. It is easy to be taken for granted that these optical manipulation phenomena will be naturally present and held in non-liquid environments. However, dominant adhesion in non-liquid environments simply rules out such hallucination. Adhesion seriously impedes operation of rotary motors working in these way of momentum transferring, and thus liquid is widely used to erase the unwanted impact of adhesion. Distinguished from this long held captivation, we report a light-actuated rotary locomotor for which the adhesion counter-intuitively becomes the key enabler for the rotation with the synergetic assistance from surface acoustic wave (which is generated due to thermo-elastic expansion by heating of absorbed pulsed light) and geometrical configuration. The experimental setup is shown in Fig. 1a . A uniformly fine-drawn optical microfiber is suspended in air or in vacuum, where a gold nanoplate (NP) is placed on it by using a probe. This NP-microfiber system can be seen clearly in the scanning electron microscope (SEM) image (Fig. 1b) . We firstly attempted to switch a CW laser on/off, a subtly weak azimuthal movement of a gold NP was spotted at the instantaneous ON/OFF moments. This movement is due to the expansion/contraction of the gold NP 17 . That accidental effect, which is highly inspirational, triggers us to deliver a pulsed supercontinuum light into the microfiber, thereby enabling almost stably continuous azimuthal rotation. The gold NP (i.e., the locomotor) starts to revolve around the microfiber once the light pulses are guided into the microfiber. The gold NP is tightly attached on the surface of the microfiber by adhesion force during rotation. The adhesion force between the NP and the microfiber is measured to be ~ 6 nN while the gravity of the NP is only several pN. We also conducted this experiment in liquid where the adhesion force is rather small. In this case, the gold NP leaves the microfiber and does not rotate around the microfiber anymore. This means that the adhesion force is indispensable for this rotation. The locomotor can not only work in air but also in vacuum where the gas pressure is about 9 orders of magnitude lower than that in air environment. Therefore, the impacts due to the photophoretic force, as one kind of commonly light-induced force 18 , can be ruled out in vacuum. showcasing that a single light pulse can actuate the locomotor to rotate an extremely fine angle and the rotation angle for every light pulse keeps almost constant, independent on the repetition rate. This is further confirmed by following experiments. As mentioned above, every single light pulse can actuate the locomotor to rotate a constant angle. Based on this, a desired rotation angle of the locomotor can be achieved if a specific number of light pulses are sent to the microfiber. We used a waveform generator to produce triggering signal which can task the light source to emit a specific number of light pulses, as shown in Fig. 3a . The locomotor rotates step by step for intermittent light pulse burst. The step angle increases linearly with the light pulse number as shown in Fig.   3b . The locomotor rotates about 0.1° for every single light pulse. The step angle for every single light pulse can be smaller (e.g. 0.018°) if the power of single light pulse decreases.
Stepping rotary motion of the locomotor actuated by the intermittent light pulse burst is shown in Fig. 3c . The angle between the NP and the microfiber is calculated using projection method. A pulsed light source with single wavelength (1,064 nm) can also be used to drive the locomotor to rotate. Continuous wave (CW) laser sources with different wavelength (e.g. 532 nm, 980 nm, and 1,064 nm) are used in experiments, but no rotation happens in these cases even when the laser power is high enough to melt the gold NP (thus optical force can be ruled out as the driving force for the rotation). This further indicates that pulses play an essential role in generating motion of the locomotor. Pulsed light can excite coherent phonons and induce lattice expansion and contraction during the propagation of acoustic wave 19 . For example, surface acoustic wave (i.e., Rayleigh wave) is generated on a metal surface when pulsed laser is focused as a line on the surface [20] [21] [22] . Pulsed light absorbed by the metal locally heats the metal, leading to local thermo-elastic expansion and generation of this surface acoustic wave. The progressive Rayleigh wave can produce a friction force to drive a slider placed on the surface to move [23] [24] [25] . Similarly, in this work, the pulsed-light-induced Rayleigh wave, which is generated on the gold NP and acts on microfiber surface, drives the NP to locomote on the surface of the microfiber.
As shown in Fig. 4a , the pulsed light interacts with the gold NP in a line-shaped area through evanescent field in the vicinity of the microfiber surface, in analog with a pulsed laser focused as a line on the gold NP using cylindrical lens. Such Rayleigh wave interacts with contact surface and generates a friction force as a consequence. According to the characteristics of Rayleigh wave 26 , the neighboring atoms at individual positions of the gold NP surface expand/contract, forming an elliptical motion in a collective fashion as should be several tens of micrometers to hundreds micrometers, which is larger than the size of the gold NP. The gold NP is slightly bent to make sure that a certain amount of area of the gold NP can be tightly attached to the microfiber surface due to the strong adhesion force. Therefore, the gold NP turns simultaneously when it crawls upon the curvilinear microfiber. Furthermore, the adhesion force enhances the interaction between the Rayleigh wave and microfiber surface just as the assisted role of "preload" 25 . As a result, the force which drives the plate to locomote is enlarged by the adhesion force. The reflected light rotates with doubled speed subsequently, and we can see that the projected laser spot moves upward on the far field screen. The measured position of the laser spot on the screen is in good agreement with the theoretical expectation (Fig. 5c ). 
